Introduction
Resistivity measurement often used as a simple method for monitoring electrical and crystallographic phase characteristics following silicide formation. Inter-diffusion of metallic and silicon atoms takes place at the reaction interfaces during silicide formation. It is easy to visualize that changes in atomic density and lattice parameters during silicide formation induce stress and strain in the Si lattice.
In this paper, we have non-destructively characterized the lattice stress/strain depth profiles below the NiSi/Si interface using a special polychromator-based multi-wavelength Raman spectroscopy system (MRS-300) designed by WaferMasters.
Experiment
NiSi/Si Sample Preparation Thin (15nm) Ni films were sputtered on p -Si wafers followed by deposition of a thin (~20nm) TiN capping layer. Changes in sheet resistance after annealing were measured using a four point probe before and after wet etching of the TiN capping and un-reacted Ni layers (Fig.1) . Annealing was done in a WaferMasters SRTF-300LP system for 10 min. Sheet resistance and uniformity of as-prepared wafers were ~10.5ohm/sq. At 200 o C, the sheet resistance increased to ~14.2ohm/sq. due to the onset of formation of the high resistivity Ni 2 Si phase. Between 200 o C and 250 o C, the sheet resistance increased to ~19.0ohm/sq. as the phase transition from the low resistivity metallic Ni phase to the Ni 2 Si phase progressed. The sheet resistance sharply decreases down to ~4.9ohm/sq. at 350 o C as the phase transition from the Ni 2 Si phase to the NiSi phase takes place. Sheet resistance started to increase again above 600 o C. Once NiSi ohmic contact is formed with the Si wafer, the sheet resistance is no longer a good indicator of integrity of the NiSi. Above the ohmic contact formation temperatures, other non-electrical characterization techniques must be combined for obtaining useful material information.
Multi-wavelength Raman Spectroscopy (MRS-300)
Microscopic Raman scattering is a powerful, non-destructive technique for characterizing crystallinity and degree of stress/strain of the crystal. For this purpose intensity, shift, and full width at half maximum (FWHM) of Raman signals are measured. [1, 2] We have designed the MRS-300 system as an in-line stress/strain monitoring system. The system has three thermoelectrically cooled charge coupled device (CCD) cameras that can measure Raman peaks from three different excitation wavelengths without any disruption (ie, without scanning the monochromator or switching the excitation laser) (Fig. 2) . The measurement capability of the system is summarized in Fig. 3 . Three major spectral lines (457.9, 488.0 and 514.5nm) from a multi-wavelength Ar + ion laser are used as the excitation source.
By selecting the wavelength of the excitation laser, the crystal quality, stress and strain in the depth direction can be characterized. Figure 4 shows the Raman spectra observed from 457.9nm excitation of TiN/Ni/Si wafers annealed between 200~700 o C followed by wet etching under. Intensity and width of Raman peaks change dramatically with annealing temperature. Figure 5 shows 
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